Garden peas (Pisum satiram L. cv Alsweet) and a tomato mutant (Lyceperuicon ncuewkatwm Mill. varflacca) were sprayed with fusicoccin, a fungal toxin affecting membrane transport properties, before exposure to S02 or 03. Tomatoes treated with 10 micromolar fusicoccin and exposed to S02 (0.6 microliter per liter for 2 hours) exhibited twice as much foliar necrosis as untreated plants exposed to SO2. Peas treated with fusicoccin and exposed to SO2 (0.7 to 1.0 microliter per liter for 2 hours) exhibited 2 to 6 times more injury than untreated plants exposed to SO2. Peas treated with fusicoccin and exposed to 03 had less injury than untreated plants exposed to 03(0.1 to 03 microliter per liter for 2 hours). Several lines of evidence suggested that the fusicocNA n en ment of S02 injury is not the result of increased gas exchange, iUe. the tomato mutant has permanently open stomata under all conditions, and in peas fusicoccin had no effect on 52 or H20 flux in plants exposed to 0.12 microliter per liter SO2. However, a 21% greater leaf conductance in fusicoccin treated versus untreated plants indicated the possibility of some differences in gas exchange for peas exposed to 1.0 microliter per liter S02.
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The phytotoxicity of SO2 and 03 is determined by pollutant uptake, detoxification, and metabolism at cellular perturbation sites (17, 18) . The cellular metabolism of the pollutants is especially important since gas-phase conductance alone cannot fully explain plant response to either SO2 or 03 (5, 15, 17, 18 ). Sulfite and bisulfite are the likely SO2 metabolites transported into cells since the gas is rapidly hydrated following dissolution into water on cellular surfaces (12) . The mechanism and importance of sulfite transport into cells in relation to injury has not been directly investigated; however, Bressan et al. (1) suggested that intraspecific variability in SO2 sensitivity in cucumber resulted from differences in the uptake and transport of SO2 and sulfite across the plasma membrane. Ozone is less water soluble than SO2 but may be transported into cells as 03 (10) or as free oxyradicals which can be produced when 03 dissolves in water at high pH (5).
The fungal toxin FC2 is widely used in studying membrane transport processes. Marre (9) suggested that FC activated a plasma membrane system which uses ATP for HI extrusion with an accompanying hyperpolarization of the transmembrane elec- ' tric potential difference. In the guard cells, H' extrusion is coupled with K+ uptake stimulating increased cell turgor and stomatal opening (9) .
Cation uptake stimulated by FC was associated with the cellular uptake of anions including chloride and sulfate in root or stem segments (9) . Sulfate transport (8) and possibly the transport of other anions such as sulfite may occur as a result of passive diffusion associated with cation influx, or may be associated with active (ATP dependent) uptake processes. In a previous study, FC was used to ensure similar stomatal conductance in the light and dark (11); however, the direct effect of FC on S02-and 03 induced injury was not evaluated.
This study used FC to investigate the possible role of cellular transport processes in SO2 and 03 phytotoxicity. To separate the effects of FC on cellular transport processes from effects on stomatal conductance, a tomato mutant (Lycopersicon esculentum Mill. var Flacca) was used which has permanently open stomata (7) , and peas (Pisum sativum L. cv Alsweet) were exposed in the light when leaf conductance was assumed to be at maximum for both FC treated and untreated plants. 6 1 1-' ). Plants were moved into the chambers 1.5 h after initiation of the light period and were in the chambers for 1 to 2 h before and after the 2-h exposure. Corresponding control plants received identical treatment except that they were exposed to clean air.
MATERIALS AND METHODS
Fluxes of H20, 03, and SO2 were measured using a wholeplant gas-exchange chamber (11, 14 peas treated with FC and exposed to03 tended to exhibit less injury than plants only exposed to 03 (Fig. 1B) . However, these differences in injury were not statistically significant at p < 0.05 level for any 03 concentration.
The increased SO2 toxicity in tomatoes and peas treated with FC could have resulted from increased SO2 uptake into the plants. In previous studies, foliar injury in general was shown to increase with increasing SO2 uptake (3, 16) . However, several lines of evidence suggested increased pollutant uptake may not be responsible for the increased injury with FC. In the tomato mutant, the stomata remain open under conditions that induce closure in normal tomato plants (7) , which would ensure similar SO2 uptake in FC treated and untreated plants. In peas exposed to a low concentrationof SO2 (0.12 ,ul I'),S02 fluxes were similar for both FC treated and untreated plants (TableI). Water vapor flux data also indicated that stomata, which are important determinants of pollutant flux (17, 18) were open to a similar extent in both FC treated and untreated plants. (Table II) . Leaf injury on FC-treated plants was >2x that for untreated plants.
In contrast to SO2, the trend to reduced 03 injury in peas treated with FC may be the consequence of decreased 03 uptake as shown by the decreased 03 flux at 0.11 l1I' 03 (TableI), even though this decrease was not statistically significant.
Fusicoccin is known to alter membrane transport processes (8, 9) and it is likely that its influence on air pollution-induced injury is related to this fact. The primary effectof 03 appears to be an alteration in the plasma membrane itself, affecting permeability and the loss of ions with subsequent effects resulting as consequences of the membrane impairment (5, 18) . This mechanismsuggests that FC effects on transport processes would not influence plant response to03 as the injury does not depend on membrane transportof 03.
In contrast, SO2 or its metabolites exert their primary impact within the cell (5, 17) . Thus, the FC enhancementof SO2 injury is most likely the consequence of FC stimulating the transmembrane movement of SO2 or one of its metabolites across the plasma membrane. This hypothesis is consistent with the suggestion of Bressan et al. (1) that transmembrane movement was the key factor controlling SO2 injury. Sulfite transport across the plasma membrane has not been studied. However Hampp and Ziegler (4) found a single translocator protein involved in sulfite and sulfate transport across the inner chloroplast membrane. A similar translocator may be present in the plasma membrane regulating both sulfate and sulfite transport. Cram (2) demonstrated that sulfate transport across the plasma membrane was an active process, suggesting that the FC stimulation of sulfate movement across membranes (8) may be associated with its effects on membrane transport. By a similar mechanism, FC could stimulate sulfite transport across the plasma membrane thereby increasing the concentration of toxic metabolites at sensitive metabolic sites within the cell.
In conclusion, these studies demonstrated that FC enhances
SOrinduced foliar injury and that the increased injury may be separate from effects of FC on stomata and gas exchange. 
